INTRODUCTION
More attention has been paid to the sales of over-the-counter (OTC) pharmaceutical products and prescription drugs at drugstores and pharmacies ever since a study published in 1979 indicated that the monitoring of the sales of nonprescription * To whom correspondence should be addressed: National Institute of Health Sciences, 1-18-1 Kami-Yoga, Setagaya-ku, Tokyo 158-8501, Japan. Tel.: +81-3-3700-1141; Fax: +81-3-3707-6950; E-mail: fumi@nihs.go.jp cold remedies is a beneficial technique of influenza surveillance. 1) Syndromic surveillance is known as a method for early detecting outbreaks attributable to bioterrorism or other causes. 2) The syndromic surveillance focuses on the patients' symptoms during the early phases of illness (e.g., cough and fever). Actually used for analysis are the clinical data and alternative data. The latter includes school and work absenteeism, OTC drugs. Magruder observed that in the National Capital Area of U.S.A., some OTC influenza-remedy sales tended to occur approximately 3 days prior to the physician-patient encounters. 3) He asserted that the monitoring of OTC sales may be used as an early warning about developing public health conditions. There can be found many publications concerning the evaluation of OTC pharmaceutical sales. [4] [5] [6] [7] [8] [9] [10] Quite recently, a new method was proposed for estimating the geographical route and speed of influenza propagation from prescription drug sales at distant pharmacies. 11) The infection pattern in three seasons in and around Tokyo was investigated. 12) An analytical challenge in the above studies is to identify a signal indicating an outbreak of disease amid the ubiquitous background noise in the data. The border between the signal and noise is recognized as the detection limit which is a fundamental concept in the area of analytical chemistry. 13) Originally, the detection limit is a statistical definition. [14] [15] [16] [17] The time variation in drug sales is important in science as well as society. Mathematical knowledge on the sales will help calculate the detection limit and early grasp a warning of national emergencies such as bioterrorism and influenza pandemic. The times are right for the study of prescription drug sales with a traditional technique, factor analysis. The original time series of drug sales have the hebdomadal frequency which looks like noise. 12) Actually, however, the frequency with a period of seven days originates from the life style of residents around the pharmacies. In this paper, the hebdomadal cycle is eliminated by the moving average method with a window of seven days to avoid erroneous results.
MATERIALS AND METHODS
In order to describe the features of the multivariate variation of drug sales, the factor models are fitted to the square root transformed time series, which can approximately be regarded as multivariate normal data, because the square root transformation is typical variance stabilizing transformation for frequency data. In this analysis, the factors are drawn by using the maximum likelihood factor analysis with the promax rotation and the number of factors are determined by referring to the goodness of fit of the test statistics of multi-factors models. Finally, the factor scores are calculated by the Bartlett method. The factanal function in the free statistical software R 2.5.1 is used for these analyses. For the free software, R represents a language and environment for statistical computing and graphics similar to S (see http://cran.r-project.org/). Figure 1 shows typical examples, out of 31 drugs, of the daily variations in drug sales at a pharmacy. Norvasc R tablets 5 mg (Pfizer, Tokyo, Japan) is a drug for hypertension and its time series (Fig. 1A) is typical of chronic diseases. The drug is supplied constantly throughout the year, except the sale rapidly goes down on New Year's holidays, Golden Week holidays (early part of May) and summer holidays. PL R granule (Shionogi & Co., Osaka, Japan) is a common cold drug and its supply has a peak over autumn and winter (Fig. 1B) . Unlike Norvasc R , the time series for PL R granule lacks the conspicuous slowdown on the Golden Week holidays. This might imply that people, if infected with cold, have a trend to obtain the drug hastily.
RESULTS AND DISCUSSION
Influenza rages from winter to early spring in Japan. The time series for the influenza anti-viral agent for adults (Tamiflu R capsules, Chugai Pharmaceutical, Tokyo, Japan) synchronizes with the disease activity (Fig. 1C ).
An allergic agent, Onon R capsules (Ono Pharmaceutical, Osaka, Japan) is effective for the treatment of allergic rhinitis. This drug is prescribed for asthma constantly throughout the year and also for pollinosis. In Fig. 1D , the sales peak around March and April corresponds to the pollinosis and the other random fluctuation represents the asthma. Table 1 lists the results of the factor analysis including the loadings and proportion variances of the factors and communality of the drug sales. In gen- The loadings are presented as * greater than 0.4 and less than or equal to 0.7, and * * greater than 0.7.
eral, a loading approximately suggests the correlation coefficient between a factor and the time series of a drug. If a loading of a drug sales time series is greater than 0.7, at least about 50% (= 0.7 2 ) of the time variation can be explained by the corresponding factor. In Table 1 , 94% (= 0.97 2 ) of the sales of Tamiflu R dry syrup can be explained by the third factor.
The greater the proportion variance of a factor, the larger part of all the time series the factor can describe approximately. Therefore, the factors are called as the 1st factor, 2nd factor, etc. in the descending order of the values of the proportion variance (see Table 1 ). The communality is the degree of how successfully a sales time series can be described by the set of all the factors. The value of the communality means the degree of usefulness of the factor analysis. In case of Arimidex R tablets (Astra Zeneca, Osaka, Japan), it is so small (= 0.13) that its time series is mostly independent of any combination of the seven factors. Figure 2 illustrates the time variation plots of the four factors listed in Table 1 . The factors of Fig. 2 are similar in shape to the plots of Fig. 1 . This can be interpreted in terms of large loadings. The sales of Norvasc R of Fig. 1A can be described by the first factor with 85% (= 0.92 2 ) approximation. For PL R , the approximation degree is almost 100% (= 1.00 2 ). For Tamiflu R tablets, it is 90% (= 0.95 2 ). For Onon R capsules, it is 52% (= 0.72 2 ). Because of the small values of the loadings (< 0.4), the factor analysis is not suitable for the following time series: Cephadol R tablets (NIP-PON SHINYAKU, Kyoto, Japan), Thyradin-S R tablets (ASKA Pharmaceutical, Tokyo, Japan), Mercazole R tablets (Chugai Pharmaceutical), Arimidex R tablets, Clarith R tablets (Taisho Pharmaceutical, Tokyo, Japan). In other words, the sales pattern of 26 drugs out of 31 can be explained by appropriate combinations of the seven factors with the loadings more than 0.4. In the same manner, the major 4 factors (see Fig. 2 ) can describe the pattern of 25 drugs satisfactorily.
The drugs examined here can be classified by the major factors with the loadings greater than or equal to 0.7. The first factor represents the drugs for chronic diseases such as antihypertensive (Blopress R tablets, Takeda Pharmaceutical, Osaka, Japan), vasodilator (Norvasc R tablets), hyperlipidemia agent (Lipitor R tablets, Astellas Pharma, Tokyo, Japan) and peptic ulcer agent (Mucosta R tablets, Otsuka Pharmaceutical, Tokyo, Japan). Patients of common cold are treated with a variety of drugs, some of which can be described by the second factor. Included are a common cold drug (PL R granule), expectorant (Mucodyne R tablets, Kyorin Pharmaceutical, Tokyo, Japan) and antitussive (Medicon R , Shionogi & Co.
). An enzyme preparation (Dasen R tablets, Takeda Pharmaceutical) has an expectorant effect and is also used to relax this typical symptom of cold.
The third factor is specific only to influenza anti-viral agents ( In a previous study, 18) drug sales were divided into three groups according to the strength (strong, weak and none) of auto-correlation of their time series. The first factor of this study corresponds, though not exactly, to the group of no auto-correlation. The third factor for influenza can be characterized by the strong auto-correlation. The second and fourth factors have weak autocorrelation.
The factor analysis was also applied in the same manner to the time series of drug sales in another season at the pharmacy (2003/2004 at Kamome Yakkyoku) and at other pharmacies (Kosumo Chouzai Yakkyoku and Kuoru Yakkyoku). The four factors, mentioned above, relating to chronic diseases, common cold, influenza and allergies were also obtained by the factor analyses, though in some cases combined or separated. It is interesting that the results of the factor analysis can closely be connected with the target-oriented classification of drugs (standard commodity classification in Table 1 ).
